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Chapter - 1 
Introdution 
INTRODUCTION 
Historically, chemistry could be divided into five main areas: Analytical. 
Biochemical, Inorganic, Organic and Physical. It is rather impossible to make 
such a division in recent years, because analytical chemistry, like other areas of 
chemistry and science, has gone through drastic changes and growth. At 
present chemists or scientists are busy in crossing from one area to another and 
frequently, chemists who call themselves as organic chemists, are busy in 
physical chemistry; likewise analytical chemists are doing organic or inorganic 
chemistry and so on. Not even this, but new areas, such as chemical physics, 
biophysics and molecular biology are rapidly developing because of the 
crossover of scientists from one area to another. Many advances and changes in 
these areas were made possible by analytical results. Hence, it will not be amiss 
to say that analytical chemistry is necessary for growth and development of 
science and technology and it must be integrated with other scientific and 
chemical disciplines. 
The discipline of analytical chemistry consists of qualitative and 
quantitative analyses. The former deals with the identification of elements, ions 
or compounds present in a sample, while the latter deals with the determination 
of how much of one or more constituents is present. The sample may be solid, 
liquid, gas, or a mixture. 
Analytical chemistry seeks ever improved means of measuring the 
chemical composition of natural and artificial materials. The techniques of this 
science are used to identify the substances which may be present in a material 
and to determine the exact amounts of the identified substance. 
Separations are extremely important in analytical chemistry. The goal of 
an analytical separation is, usually, to eliminate or reduce interferences so that 
quantitative analytical informations can be obtained about complex mixtures. 
There is a variety of separation methods that are in common use, including 
precipitation, distillation, solvent extraction, crystallization, dialysis, ion-
exchange, chromatography, electrophoresis, field flow fractionation etc. 
Of all the different types of separation methods, chromatography has the 
unique position of being applicable to all types of problems in all branches of 
science. It has undergone explosive growth in the last 30 years. The 
chromatographic technique was first invented by a Russian botanist Mikhail 
Tswett in 1906, at the university of Warsaw. He coined the term 
"Chromatography" from the Greek words ''chromatos'' and "graphy which 
mean "color" and "to write" respectively. The International Union of Pure and 
Applied Chemists (lUPAC) has drafted a recommended definition of 
chromatography: ''Chromatography is a physical method of separation in 
which the components to be separated are distributed between 2 phases, one of 
which is a stationary phase, while the other is a mobile phase" [1]. Since its 
discovery, this technique has undergone tremendous modifications and now a 
days various types of chromatographic techniques have been developed for 
separating almost any kind of a given mixture, whether coloured or colourless 
into its constituents and to test the purity of these constituents. The appHcations 
of chromatography have grown explosively in the last fifty years, owing not 
only to the development of several new types of chromatographic techniques, 
but also due to the growing needs of scientists for better methods of separating 
the complex mixtures or metal ions [2]. Various chromatographic methods are 
summarized in Table 1.1 
Out of these several chromatographic methods, ion exchange has gained 
great attention by analysts in practice. The phenomenon of ion exchange is not 
of a recent origin. The earliest of the references were found in the Holy Bible 
establishing Moses' priority who succeeded in preparing drinking water from 
brackish water, by an ion exchange method [3]. Later on, Aristotle found that 
sea water loses part of its salt contents when percolated through certain sand 
[4]. A scientific study of this process was made in the mid of the 19"' centup. 
[5. 6] and the ion exchange properties were explored [7]. Harms and Rumpler 
[8], synthesized the first aluminosilicate based ion exchangers in 1903. Folin 
and Bell [9] first developed an analytical method for the collection &. 
separation of NH3 ft^om urine in 1917 by synthetic zeolites. Perhaps Dr. Gans 
[10] in Germany was the first person who used ion exchanger to an industrial 
scale. Thereafter, a lot of scienfific work has been done on natural, processed 
and synthetic inorganic materials for their ion exchange properties. In 1935. 
Adams and Holmes [11] synthesized some synthetic high molecular weight 
polymers containing a large number of fianctional groups. 
Chromatography 
Liquid Chromatography 
(LC) 
I 
Gas Chromatography 
(GC) 
Liquid -solid 
Chromatography 
(LSC) 
Liquid -Liquid 
Chromatography 
(LLC) 
Gas -solid 
Chromatography 
(GSC) 
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Chromatography 
(GLC) 
Normal phase 
Chromatography 
Reversed phase 
Chromatography 
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Chromatography 
Non-Column 
Chromatography 
Paper 
Chromatography 
(PC) 
Thin layer 
Chromatography 
(TLC) 
Adsorption 
Chromatography 
I 
Ion-exchange 
Chromatography 
Molecular Chromatography or, gel 
permeation or, gel filtration 
chromatography 
Table. 1.1 Various Chromatographic techniques used in Analytical Chemistn 
They are known as organic ion exchangers. The period after 1935 has seen a 
rapid development of synthetic organic and fibrous ion exchangers. 
Although at first the ion exchangers were used for water softening but 
later on they were employed in various fields like separation of metal ions. 
separation of organic substances, preparation of ion selective electrodes, 
preparation of fijel cells and preparation of artificial kidney machines. Thus. 
the ion exchange process has been established as an analytical tool in 
laboratories and industries. 
Ion exchangers are insoluble solid materials containing exchangeable 
cations or anions. These ions can be exchanged for a stoichiometrically 
equivalent amount of other ions of the same sign on contacting with an 
electrolyte solution. Depending upon their ability of exchanging cations or 
anions, the ion exchangers are either 'cation' or 'anion' exchangers 
respectively. Certain materials are capable of both cation and anion exchange. 
They are called as 'amphoteric' ion exchangers. A cation exchanger comprises 
a matrix with negative charge while an anion exchanger comprises a matrix 
with a positive charge. The negative or positive charge of the matrix is 
compensated by the oppositely charged counter ions, which are mobile in 
nature. A typical ion exchange reaction may be represented as follows: 
R-A + B (aq) R-B + A (aq) 
where A & B are the replaceable counter ions, R is the structural unit (matrix) 
of the ion exchanger and aq stands for the aqueous phase. This process is 
reversible, i.e., it can be reversed by suitably changing the concentration of the 
ions in solution. 
On the basis of the nature of the matrix, an ion exchanger may be 
'organic' or 'inorganic' in nature. Organic ion exchangers, commonly known 
as "/on exchange resins" are well known for their uniformity, chemical stability 
and for the easy control over their ion exchange property through synthetic 
methods. Organic ion exchange resins consist of a cross-linked hydrocarbon 
matrix containing ionogenic groups. The charge of the groups is balanced b\ 
mobile counter ions. These resins may be natural or synthetic. The matrix of 
ion-exchange resins can be formed by condensation or addition polymerization. 
Then, the fixed ionic groups are introduced. The matrix carries ionic groups 
such as -HS0"3' -COO", -HPOs" etc in cation exchange resins and -NH,' . 
>NH2 , >N^< etc. in anion exchange resins. Anion and cation exchange resins 
may be weak or strong depending upon the presence of ionic groups. Synthetic 
resins are superior to the natural resins in their high chemical and mechanical 
stability, ion exchange capacity and ion exchange rates etc. 
Organic resins have wide applications in analytical chemistry because of 
their high stability in the wide range of pH and reproducibility in the results. 
but their instability under the conditions of high temperature and strong 
radiations led to the development of inorganic ion exchange materials. Since 
inorganic ion exchangers are capable of being stable at elevated temperatures 
and in the presence of strong radiations, they have wide applications in nuclear 
researches such as radioisotope separations and nuclear waste treatments etc. 
They have also been found applicable in the determination and detection of 
metal ions in pharmaceutical and biological products, analysis of alloys and 
rocks, as ion-selective electrodes, as packing materials in ion chromatograph\. 
and as catalysts. They also find application in environmental analysis [12]. 
Inorganic ion exchangers are generally the oxides, hydroxides and insoluble 
acid salts of polyvalent metals, heteropoly acid salts and insoluble metal 
ferrocyanides. They can be prepared both in crystalline and amorphous forms 
and have good chemical stability, reproducibility in ion exchange behaviour 
and selectivity for certain metal ions. Important advances in this field ha\e 
been reviewed by a number of workers/researchers at various stages of its 
development, such as Amphlett [13], Fuller [14], Qureshi et al. [15], Vesel\ 
and Pekarek [16], Clearfield et al. [17,18], Alberti et al. [19,20], Castantino 
[20] and Varsheny et al. [21]. The books [22],23] published in this field have 
provided a complete picture and thorough insight of this field and its 
widespread applications. Dyer [24.25] has deaU with the theories involved 
zeolite molecular sieves, which have principles underlying the inorganic ion 
exchangers. 
Alberti (Italy) and Clearfield (USA) devoted most of their studies on the 
crystalline inorganic ion exchangers. However, the research group of Qureshi 
(India) started their studies mainly on the amorphous materials [26-33] 
Varshney et al. extended this work and synthesized a large number of inorganic 
ion exchangers and explored their applications in the environmental analysis 
[34-44]. 
However, the main drawback of these materials has been that they are 
not very much reproducible in behaviour. Further, they are found not to be 
chemically and mechanically very stable perhaps due to their inorganic nature. 
So, an interest was developed to obtain some organic based inorganic ion 
exchangers. They are expected to have chemical inertness, good mechanical 
stability, and high temperature and radiation resistance. These exchangers ma> 
also be termed as hybrid ion exchangers as they consist of both the organic and 
inorganic parts. This new class of ion exchangers have been prepared in these 
laboratories by incorporating a polymeric organic material into the inorganic 
ion exchange matrix [45-49]. 
Very recently, fibrous ion exchange materials have drawn attention of 
researchers and technologists as the>' exhibit a high efficiency in the process of 
sorption from gaseous and liquid media. Fibrous ion exchangers can be used in 
the form of various textile goods, such as cloth, conveyer belts. non-wo\ en 
materials, staples, nets etc., opening up new possibilities for man> 
technological processes. These materials consist of monofilaments of uniform 
size ranging in diameter between 20-300 |im. This predetermines short 
diffusion path of sorbent and high rate of sorption that can be about 100 times 
higher than that of the granular resins with a particle diameter of 0.25-1 mm. 
normally used in such processes. Hence, they are more applicable in large scale 
processes and are of great importance nowadays [50-53]. An important 
advantage of fibrous ion exchangers has been their extremely high osmotic 
stability that allows them to be used in the multiple wetting and drying 
processes occurring at cyclic sorption/regeneration operations in air 
purification. The variants of application of fibrous ion exchange materials are 
illustrated in Fig. 1.1. 
There are a number of monographs [54,55] reviews [56,57] and patents 
in which preparafions, properties, technologies, and possible areas of 
applications of fibrous ion exchangers are described. Recently, at the Institute 
of Physico-organic Chemistry of the Byelorussion Academy of Sciences 
(Russia), intensive research has been carried out for developing preparation 
methods for different types of fibrous ion exchangers, and to identify the fields 
of their applications such as, air purification fi-om acidic and alkaline impurities 
[58], preparative chromatography, water purification or extraction of ions of 
usefiil elements fi"om gaseous media. The processes of water purification and 
extraction of usefiil substances as uranium, gold etc. from water, were carried 
out by Japanese and Western workers [59-61]. 
Fibrous ion exchangers, developed by Soldatov, have the registered 
trademark "Fiban® [62]. They are [63] strong acid cation exchangers, prepared 
by sulphonation of styrene divinyl benzene copolymer grafted onto 
polyprophylene (PP) fibre. Fiban A-1 [64] is a strong base fibre and prepared 
by chloromethylation and subsequent amination of the same grafted copolymer 
(») '(iii) 
(a) 
(0) 
• 
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Fig.1.1 Variants of application of ion-exchange fibres (lEF) in liquid and gaseous 
processes. 
(a) Ion-exchange columns with different filling 
(i) Staple pulp (ii) Parallel threads (iii) Layers of fibrous material 
(b) Coveyer belt made of ion-exchange fibres (Process with continuous 
regeneration). 
(c) Mats made of lEF in the river or sea stream. 
(d) Dragging nets made of lEF. 
(e) Chemical air filters with lEF. 
(f) Gas mask or respirator filled with lEF material. 
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with trimethylamine. Fiban K-1 (cation) and A-1 (anion) ion exchangers are 
analogous to the common granular ion-exchange resins and can be used for the 
same purpose. The fiban AK-22 is a weak base polyacrylic fibre. It is a 
complex forming polyampholyte containing imidazoline and carboxyl groups 
[65-66]. The most extensive studies in this field have been made in a number of 
institutes in Russia [67-69] and Japan (Toray Industries) [70-71]. 
Two families of fiban fibres have been developed. One of them is 
prepared by grafting polystyrene (PS) onto PP fibres at room temperature. It 
was carried out by the production of radicals in PP matrix initiated by 100 rad/s 
radiation. In other cases, about 2% vinyl benzene (VB) was added to the 
styrene. Fig. 1.2 shows the scheme for preparation of the family of fibrous fiban 
ion exchangers. 
The exchange capacity of these materials can be varied by changing the 
amount of polystyrene (PS) grafted onto PP fibres and degree of polymer 
analogous transformation. The grafting degree can be raised upto 600% (6 wgt 
parts of PS per one weight part of PP), the sulphonation degree to 1. amination 
degree to 1.2. The ion exchange capacity of these ion exchangers can be raised 
upto 4.5 meq/g. The problem in the synthesis of lEF is compromisingiy high 
exchange capacity and their mechanical properties (tensile strength and 
elasticity). An increase in ion exchange capacity leads to a decrease in the 
mechanical and textile characteristics. It is also important that swelling of 
fibres should be maintained within acceptable limits. 
H2C—CH 
CH, 
H2C=CH 
4 
H2C=CH 
V 
H2C=CH 
Polypropylene - graft [Styrene-DVB Copolymer] 
HjS04,AT 
1. CHsOCHjCl; SnCU; 
ZnClj.AT 
2. (CH3)3N,AT 
1. CHsOCHjCl; SnCU; 
ZnCl2. AT 
2. NaOH, AT 
3. HNCb.AT 1 
r 1 r V 
FIB AN K-1 
• 
Fro AN A-1 FBAN K-2. 
o 
S03H 
R COOH 
O 0-^0 
CH2-N" (^CH3)3Cr COOH COOH 
Fig.1.2 A technological scheme for preparation of Fiban ion exchangers. 
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The swelling of fibrous ion exchangers can be varied by changing the grafting 
degree of PS, the DVB content, the number of functional groups, the grafting 
condensations and treatment of fibres. 
Various acrylic fibrous ion exchangers were prepared fi-om time to time 
having good ion exchange and adsorption behaviour. They have shown 
applications in the separation of metal ions and as filters. 
The acrylonitrile (AN) copolymer fibre cross-linked with hydrazine 
sulfate is a weakly acidic cation exchanger [73]. It is prepared by the hydrolysis 
of AN copolymer fibre under basic conditions followed by cross-linking with 
hydrazine sulfate. It has high ion exchange capacity, i.e., 8.4 m mole/g and 
good physicomechanical properties. 
The amidoximated propylene containing acrylonitrile (AOPP-g-AN) 
fibrous ion exchanger was prepared by Hwang et al. [74] at the Chunganam 
National University Daejon, S. Korea. They studied the adsorption 
characteristics in brine water, by changing the column height. The swelling 
ratio of AOPP-g-AN in fibrous ion exchanger was found to be 8.54 g/g for H2O 
and 8.87 g/g for H2O2 solvent. The ion exchange capacity depends upon the 
degree of grafting and shows the maximum, (3.99 meq/g) at 100% degree of 
grafting. Another ion exchange complex fibres were manufactured by Hwang 
et al. [75] by polymerizing AN and tetraethylene glycol dimethacrylate in 
1:0.05: 0.5 (mol/mol) under a nitrogen atmosphere by using an inorganic 
solvent distribution followed by an amideoxime process for producing an 
adsorbent by reacting with the product with hydroxylamine solution 2:3 limes 
(w/v) under Ni atmosphere; the dried adsorbent 1:0.05:0.5 (wt/wt) is then 
mixed and agitated to produce a mat. These ion exchange complex fibres are 
used for isocyanation of U, Li, B etc in sea-water and mine wastewaters. 
AN-based ion exchanging fibres were produced by Orlova et al. [76] by 
treating AN fibres for 85-95 min at 150-160°C with a solution of polyethylene 
polyamine (PEPA) and a solution of NaOH (0.2-0.3%) in glycol and 
simultaneously performing fixation of fibre tow, having the ratio of basic and 
acidic groups in the final fibre, 5:1. These fibres have high sorption capacity 
for Hg^ & Cr^" ions, i.e., 1,200 meq/g and 312 meq/g respectively. Hence, they 
can be used for the removal of heavy metal ions from industrial waste waters. 
The carbonyl group containing PAN fibres were prepared in St. 
Petersburg, Russia [77] in which ion exchanger capacity depends on the 
contents of both the carbonyl group as well as the heteroconjungated structures. 
In these, heteroconjugated structures can fiinction as anion or/and cation 
exchangers. The PANF based other ion exchangers were manufactured by 
Barash [78], by treating PANF with aq. hydrazine hydrate and NaOH solution 
containing NH3. The lEF of multifijnctional groups was synthesized [79] by 
using PANF as a raw material. The structure of this material was analysed by 
elemental analysis and IR spectrometry. The adsorption capacities and 
distribution coefficients for various metal ions such as Au (III), Pd(II), Pt (IV), 
Ru(IV), Rb(III), Os (IV), Ir(IV) were determined. The lEF were found to have 
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excellent adsorption and desorption properties. It is used for the separation and 
preconcentration of Au(III). Pd(Il), Pt(IV) in the synthetic aqueous samples 
with the relative standard deviation 1.79-2.00% and the recover>' 95.0-97.5%. 
The PAN-PEPA ion exchange fibres are weakly basic anion exchangers 
in 0H~ & C r forms [80]. The sorbents based on PEPA-modified PAN Fibres 
are used for concentration of Mo, W, Va, Cr, As and for the extraction of these 
elements from natural and wastewaters. Fibrous ion exchangers having 
increased ion exchange capacity, were manufactured [81], by the treatment of 
PAN fibrewaste with (1:17) H2S04-hydroxylamine sulfate mixture and 
simultaneous neutralization with Na2C03 or alkali during heating at 40-50^ C. 
The polypropylene (PP) fibres grafted with acrylic acid (AAc) was used 
as weakly acidic ion exchanger [82]. The fibrous PP waste optionally oxidized 
underwent modificaton via AIBN, or benzoyl peroxide - initiated grafting of 
AAc in Xylene-DMF medium. The grafting reaction and properties of PP tlbre 
and ion exchanger based on AAc-grafted PP fibres were studied by Novoselo\ a 
etal. [83]. 
In Japan Vilene Co., Ltd., Japan, ion exchangeable fibre sheet and its 
production method was developed [84]. For that, the core sheath fibre of A_A.C-
ethylene copolymer was prepared having ion exchange capacity of >2 meq g. 
Thus a blend fibre web of PP core/ethylene-methacrylic acid copolymer sheath 
was grafted with a solution comprising AAc 30, benzophenone 0.1, iron sulfate 
0.4, nonionic surfactant 1.0, polyethylene glycol 10 and water 58.5 vM% with 
Hg light and the web had graft rate 27% and ion exchange capacity 2.7 meq/g. 
The manufacturing, properties and applications of high-functional fibre-sheets 
such as fluoro-polymer sheets, poly (p-phenylene benzobisoxazole) sheets, ion 
exchange resin sheets had been developed by Mogi, Katsumi in Japan [85]. 
The sulfonated polypropylene containing AAc/Styrene [PP-g-(AAc/Sty)], 
multifunctional cation exchangers were prepared [86] by the irradiation 
grafting of AAc and styrene onto PP stable fabric with e~ beam acceleration 
and its subsequent sulphonation. 
Novoselova et al. had prepared the styrene-grafted PP fibre [87] by graft 
polymerization of styrene to PP fibre waste in the presence of AIBN and 
benzoyl peroxide. The fibrous ion exchanger was obtained by sulphonation of 
the graft copolymers. Various anionic groups, were, then fixed on this material. 
This fibrous ion exchanger was the most effective ion exchanger for the 
selective recovery of gold in the presence of other metal cyanides [88]. The 
gold loading capacities and selectivities of fiinctionalised fibres with strong 
base or guanidine fiinctional groups were compared favourably with 
conventional anion exchange resin. 
The columns packed with ion exchange fibres (lEFs) (manufactured 
fi"om polystyrene & reinforcing polyethylene) were prepared in Toray 
Industries, Japan [89]. These columns have diameter (D, 5-50 cm) and lengths 
(L, 2-70 cm) at L/D = 0.04-6, & packing density 0.10-0.30 gm/cc. These are 
used for water purification. 
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The polystyrene (PS) fibre graft copolymerisation with acrolein and ion 
exchangers based on them were prepared having amphoteric properties [90]. 
They were prepared by radiochemical graft polymerization of acrolein onto PP 
fibres followed by amination of graft copolymers with diethylene triamine. The 
ion exchange properties depends on the nature of graft polymers, solvent 
(water, acetone etc.) and irradiation dose. 
The PP fibre waste was modified [91] by oxidation for introducing the 
grafting sites. These oxidized/modified fibres were characterized and then AAc 
was grafted onto these oxidised PP fibres. 
Zeng et ai. prepared advanced fiinctional fibres especially activated C-
fibres, ion exchange fibres and chelating fibres [92]. These fibres are used in 
waste gas treatment, recovery of precious metals, separation of rare earth 
metals, waste water treatment and in the environmental protection [93]. 
The VION-chemisorptive fibre in concentrated hydrazine hydrate 
solution were prepared [94] and the mechanism of reaction of nitrogen fibre 
with hydrazine hydrate in aqueous and alcoholic solution were studied. The 
sorption capacity of these anion exchange fibres was found to be 3 meq g. 
These fibres exhibit satisfactory mechanical properties. 
The modem development of Hollow fibres (HF) and their applications 
in membrane technology for the separation of gaseous & liquid mixtures and 
analyses were carried out by E.M. Aizenshtein [95]. 
The purification of lEFs were carried out by Nakayama et ai. at Toray. 
Industries, Japan [96] by heating at > 80°C and/or treated with >80° water. 
Thus, multicore sea-island structured fibres having polystyrene and 50% 
polyethylene was treated with H2SO4 and paraformaldehyde and dried at 120° 
to give an ion exchanging fibre, which (6 parts) was mixed with 2 parts natural 
pulp to give a paper showing H2SO3 and HCOOH gas generation < 0.07 & 2.7 
P-g respectively. 
The modification of lEFs polycaproamide fibre was carried out by N.V. 
Smimova and G.A. Gabrielyan [97]. The modification can be done by 2 ways -
(i) by impregnating the initial fibre with an aq. solution of a complex salt of 
Cu-sulphate with Trilon-B and (ii) by grafting with methacrylic acid in the 
presence of K2S20g-Na2S203. 
K.E. Perepelkin, at St. Petersburg, [98] described the main types of 
"classic" synthetic polymeric fibres. These polymeric fibres with high thermal 
or chemical stability, low combustibility, high electrical conductance, 
adsorption capacity or ion exchange ability, are used in textile industries. 
The lEFs are used in air filters. These air filters are useftil for removing 
dusts and salts from air in clean rooms and clean booths etc. [99]. The filtering 
materials are made of Ag" exchanged ion exchangers (as antibacterial agents), 
fibrous ion exchanger and activated C-powder or fibrous activated carbon [100-
101] by shaping with binders. The apparatus for gas filtration is composed of a 
filter installed in the gas circulation passage of clean room, whereas the filter is 
made of ion exchange fibre cloth and supported with a pair for rails on both 
ends. It is used [102] for the removal of ions from gases. The filtering 
apparatus for water deminesalisation, have a cylindrical shape with inlets and 
outlets loaded with layers for ion exchanger [103]. The water demineralisation 
by ion exchangers is characterised by direct and counter-current 
filtration/permeation of water flow, sample design, low investment costs and 
production of water of high purity. 
Endo et al., at Ebara Corp. Japan, used lEFs in air purifier for cleaning 
room of semiconductor industry [104], etc. The air purifier comprises a casing 
of rectangular fi-ame, flat filter cassettes, which are formed from pleat-shape 
folded lEFs, arranged in the casing and the filter cassettes are detachably 
mounted in the casing to form horizontally oriented V-shaped pairs. The filter 
cassettes have thickness 50-70 mm and the open end width of the horizontal V-
shaped pairs is set at about 2-fold of the thickness of the filter cassettes. 
Hayashi et al. (Toray Indus., Inc., Japan) [105], observed that the 
filtering material for chemical fihers consists of lEFs and powdered ion 
exchangers having reversed polarity of the lEFs. The weight ratio of 
lEFs/powdered ion exchangers is in the range of I/T-10/1. The lEFs contain 
PS-type polymeric fibres as base materials. The lEFs are cation exchange 
fibres, and the powdered ion exchangers are anion exchangers. The filtering 
material contains thermally fusible materials, e.g., thermal fiisible fibres. The 
filtering material can be filter paper formed by papermaking. 
The filters used for waste gas treatment by acidic or alkaline solution 
has aqueous solution as adsorbent or fibrous ion exchanger filter [106] at the 
gas outlet. The ion exchange filter removes acid/alkaline mist from the treated 
gas. Sugo et al., at Japan Atomic Energy Res. Inst., Ebara Mfg., Japan, used ion 
exchanger fiber-based antibacterial air filters [107] consisting the lEFs of 
chloromethyl styrene graft polymer quaternary ammonium compounds and 4-
vinyl pyridine graft polymer quaternary ammonium compounds. These filters 
rapidly and certainly collect micro-organisms floating in air and are suitable for 
use in air conditioning systems. 
The ion exchange filter materials have also been prepared in Russia 
[108] fi-om modified fibrous substrates such as polymethacrylic acid hydrazide. 
Polymethacrylic acid hydrazide is manufactured by heating poly Me 
methacrylate in solution with hydrazine or hydrazine hydrate. The reaction is 
carried out on the surface of a fibrous substrate preimpregnated with Me 
methacrylate and subsequently polymerized using laser radiation with 70-500 
mW/m^S irradiation energy. The fibrous substrate is polyamide, PAN and 
polyester fabric. This method is used to increase acid resistance, permeability 
and exchange capacity of filtering medium made of modified fibrous substrate. 
Filters (e.g. polyesters) containing 10-50% ion exchange fibres [109] are ion 
exchanged as salts, woven and regenerated at low temperature to the original 
ion exchange groups to give the fabric capable of removing ionic substances. 
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Non-woven fabric filter [110] was obtained in Japan, by mixing ion 
exchange fibres (e.g., cation or anion-exchange fibres) and low m.p. binder 
fibres (e.g., polyester and PP fibres) to form raw material fibres. These tillers 
can be used for removal of cations (e.g., Na", NH4") anions (e.g., F~, 804""". CI) 
dust etc. 
The air filters consist of an air permeable flat or, 3-dimensional support 
on which a layer of ion exchange spheres are fixed [111]. By using fabric 
support, the ion exchange spheres can be placed on one or both sides. The spent 
filter can be easily regenerated by a hot air flow. This type of filter is suitable 
for removal of gaseous acid substances (e.g., HCHO, SO2) and gaseous basic 
substances (e.g., NH3). The filter media for air filters contains an unwo\en 
paper or cloth containing a cellulose filament and an ion exchange resin ha\ ing 
>1 absorber (e.g., zeolites, activated carbon, Cu) [112]. 
Fujiwara et al.. (Ebara Corporation, Japan) used the method and 
apparatus [113] for removal of tobacco smoke and tobacco odor fi-om air. This 
includes passing tobacco smoke and tobacco odor containing air through a tlbre 
layer without lEFs and an lEF layer containing strongly acidic cation exchange 
fibres in order. The apparatus contains air admission part, an adsorption section 
having the above stated fibre layers and a suction fan. A tobacco smoke sensor 
is arranged in the vicinity of the air admission part. 
Kato et al., at Toshiba Plant kensetsu Co. Ltd., Japan, developed dry 
scrubbers by using lEFs [114-115]. The dry scrubber is used for removing 
ionic substances from waste gases of chemical plants. It is packed with lEF 
filter which is highly effective for NH3 & HF removal from waste gases. The 
savings of electrical energy and water consumption are 33 and 98% 
respectively, as compared to the conventional wet scrubbers. 
The fibrous ion exchanger mats are also used as air filters in continuous 
ion exchange process [116]. In this process, > 1 liquid batches are forced under 
pressure through the bed during the stationary stage of the discontinuously 
rotating ion exchanger mat to effectively carryout the exchange without 
affecting the continuous functions, e.g., regeneration, charging and flushing of 
the mats in the various stages of the process by pressing the liquid from the ion 
exchanger mat, the amount of solution distilled. 
The fibrous ion exchangers manufactured by graft polymerization and 
polycondensation from copolymers, or mixtures of polymers or copolymers 
and polymer analogous transformation are used in the environmental protection 
by the sorption of gases [117]. lonex fibres [118] were discussed in detail for 
cleaning technology of environment. Thus, the lEFs are used effectively for 
pollution control [119-120] and are recently investigated to fiilfiU the role of 
adsorbent for metal cyanides, especially when these species are presentation 
low concentration in slurry streams. In this study, relatively low concentration 
(10 ppm) of Au, Ag, Cu(II) cyanides were adsorbed onto activated carbon, ion 
exchange membranes and lEF. lEF such as natural activated carbon, PAN, 
polyletra fluoro-elhylene, polybenzimidazole and PP are also used as adsorbent 
especially for Au recovery [121]. 
The polymeric fibrous ion exchangers are used in the multilayered (7-
layer) apparatus [122] which are used for disinfection and purification of water 
including a multilayered column of material having a strongly basic ion 
exchanger and a mixed layer of a Ag loaded adsorbent and C-adsorbent (area -
1 lOOm /g, pore vol. 0.4 cm /g, granules - 0.3-1 mm or fibres 500 g/m ). Thus, 
the apparatus for production of pure water [123] includes fibrous filtering 
material as the impurity removing device. 
The lEFs are used in the separation of rare earth metals [124]. The 
sorption capacity of Cu, Pb, Zn, Fe, Cd, Co, Ni, Hg, Ag, Cr & Mn of various 
fibrous ion exchangers and C-fibres have been developed [125] under static 
conditions at various pH values PAN-PEP A, PAN-TTO-MKKhK are found 
very effective in the removal of heaxy metal ions from wastewater. They can 
easily be regenerated to yield concentrated solution of the metals. 
Wen et al. [126] used a new ion exchange chelating fibre with amino. 
phosphoric and dithiocar bamate groups based on PAN for preconcentration of 
Be, Bi, Co, Ga, Ag, Pb, Cd, Cu, Mn & In in sea water. The separation of 
analytes can be achieved from seawater with a concentration factor of at least 
200. The method was applied for the determination of trace elements in coastal 
seawater. The sorption of Fe^^, Cr^^ Cu^^ Cd^ ^ Ni^^ Zn^\ Mn^^ Ca^^ As" . 
As^^ and SO2 by PAN-based fibrous ion exchangers [127-128] containing 
primary, secondary and tertiary amino and carboxylic groups were also carried 
out and the sorption isotherms at different pH of the solution were presented. 
Thus, these are used [129] as a high efficiency sorbent for metal separation and 
in water and air purification. Nitron based fibrous sorbents, i.e., AN-1 and 
Kopan-10, Kapon-60, Kopan-90, Kopan-150, Karpan and Ampan 
polyampholytes are highly effective in removing Cr, Cd, Zn & Cu ion from 
electroplating wash waters [130]. 
Fritz et al. [131] used a functionlized macroporous poly (styrene divinyl 
benzene) particles in a packed column, or in a non-woven web or fibrous 
matrix for separations especially for drugs, explosives, pesticides etc. 
Polystyrene-based fibrous ion exchangers (especially lonex series) are 
used for water purification in nuclear plants [132]. The fibrous ion exchangers 
are also used in solidification of radioactive wastes [133]. In this process, the 
waste in placed in a mixing tank, a hydraulic cement- type solidifying agent is 
injected into the tank along with fibrous material which adsorbs, on its surface, 
radioactive nuclides in ionic or molecular state, H2O is added to the materials 
in the tank, and mixed with them, and the mixture is injected into a container 
and solidified. 
Komatsu, Yu (Natl. Inst. Res. Inorg Mater. Tsukuba, Japan) [134] 
synthesized layered dihydrogen tetratitanate hydrate fibres which are used for 
the separation of uranium ions fi-om seawater and for that of Co ions from 
cooling water of nuclear reactor for electrical generation. The alkali metals and 
alkaline earth metals are easily separated by using a column of these fibres. 
The cationic exchange fibre non-woven fabrics with uniform fibre 
distribution and thickness were prepared at Sumitomo Chemical Co. Ltd.. 
Japan [135] which are usefiil for water treatment, air purification, gas 
adsorption etc. They were prepared by contacting aq. dispersion of the 
regeneration type cationic exchange fibres with an amino alcohol, then filtering 
to form paper-like sheets. The lEF non-woven fabrics, as a new-unit type 
harmfiil gas purifier has been developed [136]. 
Thus, the lEFs are used for removal of harmftil substances [137]. For 
that, the gases or solutions are treated through lEF adsorption layers for 
adsorptive removal of harmfiil substances. 
Liu et al. used lEF for removal of arsenate from waste water [138]. The 
fibrous sorbent have high sorption capacity and good kinetic property for 
arsenate ions. The removal of arsenate by the fibre reached a maximum in pH 
value range of 3.5 to 7.0. The column performance was carried out to assess the 
applicability of the lEF for the removal of arsenate ions with satisfactory result. 
Diluted NaOH solution is an efficient eluant for the desorption of assenate from 
the fibre column, and 30 mL of 0.5 molL"' NaOH can quantitatively recover 
arsenate from water. The lEFs are also used for the recovery of highpurity zinc 
oxide fi-om steel-making dust [139]. 
In these laboratories, some fibrous ion exchangers have been 
synthesized which show promising ion exchange behaviour [140-142]. These 
exchangers were prepared by the combination of organic polymeric species 
such as, polystyrene, polyacrylonitrile, acrylamide etc with polybasic inorganic 
acid salts. The product materials possess better ion exchanger characteristics, 
mechanical strength and stability than their inorganic counterparts. They have 
been characterized by some physicochemical methods such as IR, SEM, DTA-
TGA etc. in addition to their ion exchange and adsorption behaviour. These 
materials were found useful in the separation of metal ions. Thus, they are of 
great importance in industrial and environmental applications. 
Surface chemistry [143] is the study of structures, functions, and 
phenomena of the surfaces. It involves the observation and measurement of 
forces acting at the surfaces of gases, liquids and solids or at the interface 
between them. Dissolution and crystallization, electrode processes, 
heterogeneous catalyses, corrosion, emulsions (liq/liq interfaces), adsorption 
catalysis, vapour pressure solubility (surface tension of liquids) and many other 
important phenomena take place at interfaces. Therefore, the subject of surface 
chemistry is of great importance not only from the academic point of view but 
also from the point of view of the applied chemistry. 
The theory of surfactant behaviour is now an extensive branch of surface 
chemistry and considerable basic research has been carried out in the last 20 
years. The major reason for this work is the possible shortage of oil in the 
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1970s leading to the use of surfactants in enhanced oil recovery. Now. the 
importance of the physical chennstry of surfactant behaviour is be.ng 
recognized in biochemistry. A feature impetus to surfactant research has been 
the development of thin film technology in the production of microelectronics 
by the use of Langmuir-Blodgett films. 
Surfactants constitute the most important of detergent components. 
'Surfactant' is an abbreviation for surface-active agent, which literally means 
''active at the surface''. The surface can be between solid and liquid, bet^veen 
air and liquid, or between a liquid and a different immiscible liquid. 
Surfactants, surface-active agents or detergents are amphiphilic. organic 
or organomentallic compounds which form association colloids or micelles in 
solution. Amphiphilic substances or amphiphiles comprised of a hydrophobic 
portion, usually a long alkyl chain, attached to hydrophilic or water solubility 
enhancing functional groups. Actually, surfactant molecule consists of 2 pans: 
a water hating (hydrophobic) part and a water loving (hydrophilic) part. Fig. 1.3 
shows the basic structure of surfactant molecule. 
A hydrophobic part (water disliking) 
A hydrophilic pan 
(water liking) 
Fig. 1.3 Basic structure of surfactant molecule 
Surface active agents are often called by other names including 
surfactants (particularly in the USA), association colloids, colloidal 
electrolytes, paraffin chain salts, amphitpathic compounds, heteropolar tensides 
(particulary in Europe). It should be noted, however, that whereas most 
detergents (from the Latin, detergene - cleansing) are surface active agents, but 
not all surfactants, surface active agents are detergents [144]. 
Surfactants are compounds that reduce surface tension when dissolved 
in water or water solutions or which reduce interfacial tension between 2 
liquids, or between a liquid and a solid [145-146]. When a surfactant molecule 
is introduced into water, the water hating part tries to escape by attaching itself 
to any available surface other than water. At the same time the water-loving 
part tries to remain in water. As a result, surfactants tend to strongly "'adsorb'' 
or cling to many surfaces, such as fabric, soil, glass and where the water and air 
meet (the water/air interface). 
• When they adsorb to a surface, surfactants can loosen and remove the 
soils from the surface. 
• When the adsorb to soil, surfactants hold soil particles in suspension and 
help prevent them from redepositing onto the surface from which they 
have been removed. 
• When they are adsorbed at the water/air interface, they reduce the 
surface tension of water and allow the water to spread out. Without the 
use of a surfactant, water tends to "bead-up" in droplets. This beading 
slows down the wetting of the surface and inhibits the cleaning process. 
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Surfactants make water ""wetter'. Thus, functionally, surfactants are of 3 
categories: detergents, wetting agents and emulsifiers: all have the basic 
chemical mechanism and differ chiefly in the nature of the surface 
involved. 
Depending on the chemical structure of the hydrophobic moiety bound to the 
hydrophobic portion, the surfactant may be categorised into 4 types: 
• Anionic surfactant 
• Cationic surfactants 
• Non-ionic surfactants 
• Ampholytic surfactants, or (zw itter ionic) 
(1) Anionic surfactants: Anionic surfactants are [147-148] those in which 
the negative ion is surface active. The most frequently used anionic surfactants 
are alkali or alkaline earth metal salts of mono or polybasic carboxylic (fatty) 
acids and of sulfuric, sulfonic & phosphoric acids containing a saturated or 
unsaturated hydrocarbon substituent 
For e.g. 
CH3(CH2)x CHzO-SOjNa 
Linear Alkyl Sulfates (LAS) 
CH3(CH2)x CHjO-SOsNa 
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Linear Alkyl Sulfonates (LAS) 
CH2(CH2)x - C H 2 - / r ~ ^ V 5 0 3 N a 
Linear Alkyl benzene sulfonates (LABS or ABS) 
R-C2H4O-OSO3M 
Alklyl ethoxy sulfates (AES)' 
Table 1.2 shows some anionic surfactants with their chemical formulas. 
Anionic surfactants are effective in removing particulate (dirt, dust etc) and 
oily soils. In hard water, they react with positively charged water hardness 
minerals, such as calcium and magnesium. Soap is the original anionic 
surfactant. In hard water, it combines with Ca"*^  & Mg^ salts to form an 
insoluble soap film or scum. In general, anionic surfactants tend to generate 
higher suds levels than other classes of surfactants. 
(2) Cadonic surfactants: Cationic surfactants are those [149] in which the 
positive ion is surface active. They have the general formula of Rn X* Y~, where 
R, represents one or more hydrophobic chains, X is an element capable of 
forming an 'onium' strucmres, and Y, is the counter ion. Cationic surfactants 
are usually quaternary ammonium salts, R4N^X~. 
For e.g., 
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CH3 
I 
CH2(CH2)i5-N-CH3 
I 
CH3 
+ 
Br" 
Cetyl trimethyl ammonium bromide (CTAB) 
C,2H25N-(CH3)3Ci-
Dodecyl trimethyl amm. Chloride (DTMAC) 
Table 1.3 shows some cationic surfactants with their chemical formulas. 
Cationic surfactants can be used as effective antimicrobial agents in hard 
surface cleaners. 
(3) Non-ionic surfactants: Non-ionic surfactants are those [150-151] in which 
the whole molecule is surface active. They do not have an electrical charge. 
Most nonionic surfactants are polyoxyethylene and polyoxypropylene 
derivatives (of compounds such as alkyl phenols and alcohols, fatty acids 
esters, and alkyl amines, amides and mercaptans) or, polyalcohols, 
carbohydrate esters, fatty alkanol amides and fatty amine oxides. 
For e.g., 
CH3-(CH2)x- (C2H40)y-OH [X = 7-19, y = 12] 
Linear alkyl ethoxylates (LAE) 
M ( )VO-(CH2CH20)xOH 
Alkyl phenol ethoxylates (APE) 
Table 1.4 shows some nonionic surfactants with their chemical 
formulas. Because of absence of electrical charge, they tend to be less seriously 
affected by H2O hardness. In general, they are low foaming and are especially 
useful in products which are designed to require little rinsing. 
(4) Ampholytic (Zwitter ionic) Surfactants: The ampholytic surfactants are 
those in which there are more than one surface active species in a molecule. It 
means they possess both anionic and cationic groups on the hydrophobic 
moiety. Depending on the pH of the solution and the structure, they can behave 
as either an anionic, cationic or neutral species. 
For e.g., 
+ 
C,2H25-N-(CH2)3S03 ' 
Me2 
3,3-dimethyl dodecylamine propare sulfonate 
Table 1.5 shows the some ampholytic surfactants with their chemical formulas. 
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Table 1.2: Some Anionic Surfactants 
Surfactant Structure/Chemical Formula 
Heptafluorobutyric acid CF3(CF2)2 COOH 
Sodium decyl sulfate CH3(CH2)9S04T^a^ 
Sodium decyl sulfonate CH3(CH2)9S03T^a^ 
Cobalt dodecanoate [CH3(CH2),oCOO-]2 Co 2+ 
Aluminium dodecyl sulfate [CH3(CH2)„S04l3Al 3+ 
Copper (II) dodecyl sulfate [CH3(CH2)nS04l2Cu 2+ 
Potassium dodecyl sulfate CH3(CH2),,S04TC^ 
Sodium dodecyl sulfate (SDS) CH3(CH2)iiS04'Na^ 
Sodium dodecyl sulfonate CH3(CH2)„S03^a' 
Sodium p-dodecyl sulfonate (SDBS) p-CH3(CH2)i i C6H4S03T^a' 
Sodium hexadecanoate CH3(CH2)i4COOT^a^ 
Potassium hexadecyl sulfate CH3(CH2),5S04TC" 
Sodium oleate CH3(CH2)7CH-CH(CH2)7 COO^a^ 
Sodium oleyl sulfate CH3(CH2)7CH=CH(CH2)8 S04'Na^ 
Potassium dodecanoate CH3(CH2)ioCOO-K'^ 
Table 1.3: Some cationic surfactants 
Surfactant Structure/Chemical formula 
Decyl amm. Bromide CH3(CH2)9N"H3Br' 
Decylmethyl amm. Bromide CHgCCHzJgN^Hz CHgBr' 
Decyldimethyl amm. Bromide CH3(CH2)9N^H(CH3)2 Br" 
Dodecyl ammonium Chloride CH3(CH2)nN^H3 CV 
Decyltrimethyl amm. Bromide CH3(CH2)9N (^CH3)3 Br" 
Dodecyltrimethyl amm. Nitrate CH3(CH2)9N (^CH3)3 NO3" 
Dodecyltrimethyl amm. Chloride CH3(CH2)9N (^CH3)3 Cf 
1 -Dodecyl pyridinium chloride CH3(CH2)iiN^CjKs CI" 
1-Dodecyl pyridinium iodide CH3(CH2)iiN^C5H5 F 
Dodecyl benzyl dimethyl amm. CH3(CH2)iiC6H4CH2N^ (CH3)2 CI 
Chloride 
Table 1.4: Some Nonionic surfactants 
Surfactant Structure/Chemical formula 
Polyoxyethylene (3) decanol CH3(CH2)90 (CH2CH20)3H 
Polyoxyethylene (6) dodecanol CH3(CH2) 110 (CH2CH20)6H 
Polyoxyethylene (6) hexadecanol CH3(CH2)i50 (CH2CH20)6H 
Polyoxyethylene (6), 8,8,8-tri fluoro- CF3(CH2)70 (CH2CH20)6H 
octanol 
Polyoxyethylene (8) dodecanol CHsCCHz)] lO (CHzCHzOjgH 
Polyoxyethylene (9) hexadecanol CH3(CH2),50 (CH2CH20)gH 
n-Octyl sulfinyl ethanol CH3(CH2)7SO CH2CH2OH 
8,8,8-trifluoro-octyl methyl sulfoxide CFJCCHJ)? SOCH3 
N.N-Dimethyl dodecyl amine oxide CH3(CH2)i iN(CH3)2 
i 
o 
Table 1.5: Some Zwitterionic Surfactants 
Surfactant Structure/Chemical formula 
3-(Dimethyl dodecyl ammonio)- CHsCCHz)]]!^ (CH3)2(CH2)3S03 
propane-1 -sulfonate 
3-(Dodecylmethyl ammonio)- CH3(CH2)ii>rH CH3(CH2)3S03" 
propane-1 -sulfonate 
3-(Dimethyl hexadecyl ammonio)- CH3(CH2),5N" (CH3)2 (CH3)3 SO3' 
propane-1 -sulfonate 
N-Dodecyl-N,N-dimethyl glycine CH3(CH2), iN"(CH3)2 CH2 COO^ 
C-Dodecyl-N,N-dimethyl glycine CHsCCHz)11 CHN (^CH3)3 
COO" 
N-Dodecyl-3-amino propionic acid CH3(CH2)i xhtHi CH2CH2 COO" 
N-Dodecyl-amino benzyl phosphinic CH3(CH2)iiN^H2CH(C6H5CH2)P02'H 
acid 
^ • > 
Adsorption and CMC 
There are 3 basic concepts which need to be well understood in order to 
explain the majority of observed phenomena; these are solubility, adsorption of 
a surfactant at a surface, and the formation of micelles in solution. These 3 
phenomena differentiate a surfactant from other chemical entitities. It is the 
abnormal solubility characteristics of surfactants that give adsorption, and form 
micelles. It is the adsorption at the surfaces that gives the surface active effect 
of foaming, wetting, emulsification, dispersing of solids and detergency. It is 
the miceller properties that give the solution and bulk properties of surfactants 
such as viscosity and solubilisation, but also there is increasing evidence that 
the micellar properties are necessary in fiinctional effects such as 
emulsification and detergency. 
They unique property of surfactants is that the higher concentration at 
the surface than in the bulk of a liquid. This phenomenon is known as 
''adsorption'^ and occurs at a liquid/ solid, liquid/liquid and at a air/liquid 
interface which is shown in Fig. 1.4. Solubility of the materials ensures that a 
reservoir of surface active agent is available to accommodate the large surface 
area of the various interlaces encountered in practical applications. 
In dilute aqueous solution, generally less than 10^ M, the behaviour of 
ionic surfactants parallels that of strong electrolytes while the behaviour of 
nonionic surfactants often resembles that of the simple organic molecules. At 
higher surfactant, concentrations, however, a pronounced deviation from 
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Liquid 
CX3CXXXX) Liquid 
COOOOOO 
Liquid 
/ / / / / / / Hydrophobic 
solid 
Liquid Air 
(XXvOCv 0 0 0 0 0 0 0 Liquid 
/ / / / / / / Polar solid 
Fi&.1.4 Adsorption of surfactant at interfaces 
"ideal" behaviour in dilute solution occurs this deviation generally being 
considerably larger than that exhibited by simple strong electrolytes. Thus, the 
adsorption of a surfactant from solution onto a surface depends upon the 
concentration and Fig. 1.5 shows the effect of increasing concentration [152]. 
At very low concentration (I, II), the molecules lies flat on the surface. As the 
concentration increase at (III), the surfactant molecules begin to orient and at 
the concentration (IV), the surfactant molecules form monolayer, this particular 
concentration is of importance and known as the critical micelle concentration 
(CMC). At concentration (V), above the CMC the surfactant molecules form an 
ordered structure, known as ''micelle''. 
Concentration Water/hydrophobic surface Water/hydrophilic surface 
Very low I & II « - ( 3 c 
Low III 
IV 
Monolayer at 
CMC 
^O—r o__ 
MMiL 
V 
Above CMC 
9QQQQQO 
Fig. 1.5 Adsorption and concentration 
Thus, the narrow range of concentration which the micelles first become 
detectable is the critical micelle concentration, CMC. A more formal definition 
of the CMC is that concentration of the surfactant at which the concentration of 
the micelles would become zero if it were to continue to decrease as it does at a 
slightly higher concentration (Williams et al., 1955). 
The different experimental methods available for determining the CMC 
are summarized by Shinoda et al. (1963) and Elworthy et al. (1968) and are 
discussed critically by Mukerjee & Mysels (1971). 
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Each surfactant has a characteristic CMC vahie. The most obvious 
evidence of miceller growth is probably the dramatic increase in viscosity with 
increasing concentration which is observed in several surfactant solutions. 
Micellar growth is favoured by decreasing the temperature, adding electrolyte 
and lengthening the surfactant chain length and is, furthermore, very sensitive 
to the nature of the counter ion. 
Depending upon the chemical structure of the surfactant, its micelle can 
be cationic, anionic, zwitterionic, or nonionic. The electrostratic character of 
the micelles depends in some cases, on the pH of the aqueous solution due to 
protonation equilibria. Zwitterionic surfactants, of course, also can become 
either cationic or anionic, and several types of nonionic surfactants can also 
form anioninc or cationic micelles in the appropriate pH range. Micelles are not 
static species but rather exist in a dynamic equilibrium. The kinetics of micelle 
dissociation have been measured for several surfactants by stopped How 
(Jaycock and Ottewill, 1967; Lang et al., 1972; Yasunaga et al., 1973). 
temperature jump (Kresheck et al., 1966; Bennion et al., 1969; Bennion and 
Eyring, 1970; Lang & Eyring, 1972; Takeda & Yasunaga. 1973), pressure 
jump (Takeda & Yasunaga, 1972; 1973; Janjic & Hoffmann. 1973; Hermann 
&^ Kahlweit, 1973) and ultrasonic relaxation techniques (Yasunaga et al... 
1967; Graber & Zana, 1970; Graber et al.., 1970; Sams et al.. 1972; Lee 1973 : 
Adair et al., 1974; Rassing et al., 1973, 1974). 
The micelle may be represented as a globular, cylindrical or ellipsoidal 
cluster [153] of individual surfactant molecules in equilibrium with its 
monomer [154-155]. The reverse orientation of the hydrophilic & hydrophobic 
part of the surfactant in a hydrocarbon medium leads to reversed micelles 
[156]. Fig. 1.6 shows the shapes of micelles and Fig. 1.7 shows the 2-
dimensional schematic representation of the regions of a spherical ionic 
micelles. 
Since the alkyl chain length of a surfactant has a decisive influence on 
its physiochemical properties and hence on various biochemical applications 
[157], each surfactant has been analysed w.r.t. the uniformity of the alkyl chain 
by various techniques such as TLC, HPLC, GC (after hydrolysis), some 
traditional surfactants, such as the Triton-series, are mixtures of a variety 
homologues and must correspond to the standard mixture. Surfactants 
consisting of only one species are characterized by a minimum purity assa\ 
which refers to the chain homologue purity. Each surfactant is ftirther checked 
for appearance, solubility, identity (by FTIR and/or NMR) and relevant trace 
impurities such as the respective starting material, peroxides UV-absorbing 
foreign materials and metal traces by ICP-AES. The stereochemical purit> is 
checked by measuring optical rotation. 
The surfactants are of widespread importance in the detergent industry. 
in emulisification, lubrication, catalysis, tertiary oil recovery, and in drug 
delivery. 
-to 
Fig.1.6 Shape of micelles: (a) spherical; (b) rod-shaped or 
cylindrical; (c) lamellar. 
Rong* 
thcor 
surface 
K-Stern loyti; 
up to a few A 
Gooy-Chopmon — 
double layer, up to 
several hundred A 
Figfl.T A two-dimensional schematic representation of the regions of a 
spherical ionic micelle. The counterions (X), the head group (O), and the 
hydrocarbon chain (^^^) are schematically indicated to denote their 
relative locations but not their number, distribution, or configuration. 
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in analytical chemistry, surfactants have been recognized as being vcPv 
useful for improving analytical technology, e.g., in chromatography [158] and 
luminescence spectroscopy [159-160]. The use of surfactants in 
chromatography particularly in ion exchange is of our interest. It is well-known 
that surfactants are composed of 2 parts - hydrophobic and hydrophilic, which 
are oppositely charged, and the surfactants also act as ion exchangers. When 
their solution are in contact with solid material, they adsorb on the surface 
remaining their hydrophilic part in aqueous solution due to their surface-active 
property and they make that surface "active". 
As it is clear form the above, fibrous ion exchangers have a great utility 
in environmental studies, particularly in industrial applications. They have a 
great scope in future also, further, the surfactants play an important role in the 
adsorption behaviour of the substances. Since they are the materials possessing 
ion exchange characteristics also, it should be interesting to see how they can 
alter the ion exchange behaviour of a material when present in the aqueous 
systems. Our preliminary work points to the fact that they have a significant 
contribution in this regard and alter then adsorption characteristics of the 
adsorbents. To elaborate it further and to have a greater insight of the 
mechanism undergoing the process it was found worth while to study in detail 
the effect of surfactants on the adsorption behaviour of the ion exchange 
materials for the heavy metal ions present in aqueous media. The following 
chapters summarize our efforts in this direction. We have selected n-butyl 
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acetate based Cerium (IV) phosphate and Sn (IV) phosphate as the basic ion 
exchangers which have been synthesized in the fibrous and non-fibrous forms. 
respectively, adopting the methods given in chapter-2. These materials ha\e 
been subjected to a detailed study for their adsorption behaviour for some metal 
ions important from the pollution point of view in the presence and absence of 
the surfactants to draw certain conclusions. This part of the study is 
summarized in chapter - 3. 
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Chapter - 2 
Synthesis & characterization of n-butyl 
acetate based Ce(IV) Phosphate, a 
hybrid fibrous ion exchanger 
1. INTRODUCTION 
The fibrous ion exchange materials have shown their importance in 
environmental studies for the separation of harmful ionic impurities due to their 
high sorption efficiency from gaseous and liquid media.'"^ The most important 
property of these fibrous materials is that they can be prepared in various 
forms, such as cloth, conveyer belts, staples etc, thus opening the door for new 
technological processes. These fibrous ion exchangers are also used as air 
filters, water filters and dry scrubbers. 
Recently, various hybrid fibrous ion exchangers have been synthesized 
by combining organic species such as acrylonitrile, acrylamide, styrene. 
pyridine, pectin etc. with inorganic ion exchangers. The aim to introduce the 
organic species into an inorganic fibrous material is to enhance reproducibilit> 
in behaviour and stability. The materials prepared earlier, such as 
polyacrylonitrile thorium (IV) phosphate^ acrylonitrile cerium (IV) 
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phospahate , polystyrene Th(IV) phosphate and acrylamide cerium (IV) 
phosphate^, have been proved successfiil in these aspects. They have been used 
in the separation of various metal ions including heavy metals, thus are of great 
industrial importance. In this series a new material, n-butyl acetate based 
Ce(IV) phosphate has been synthesized. Which possesses promising ion 
exchange characteristics. Following pages summarize the results of such a 
study. 
2. EXPERIMENTAL 
2.1 Reagents/chemicals: Cede sulphate (Ce(S04)2.4H20] was obtained from 
CDH (India) while n-butyl acetate (C6H12O2) and phosphoric acid (H3PO4) 
were obtained from E. Merck (India) and Qualigens (India) respectively. All 
other reagents and chemicals were of Analar grade. 
2.2 Instruments/apparatus used: X-ray diffraction studies were made on a 
Philips Analytical X-ray B.V. diffractometer type PW 170 B.V. and IR studies 
were carried out by Shimadzu 8201 spectrophotometer. For TGA/DTA, 
universal VI.9 DTA instrument was used and SEM studies have been 
performed by JEOL JSM 840, SM. 
2.3 Preparation of reagent solutions: Solutions of eerie sulphate were 
prepared in 0.5 M H2SO4 and those of n-butyl acetate in were prepared in 
ethanol. A 6 M solution of phosphoric acid was prepared in DMW. 
2.4 Synthesis of the ion-exchange materials: A number of samples of n-butyl 
acetate based Ce (IV) phosphate (nBACP) were prepared by adding one 
volume of 0.05 M Ce (864)2 solution in 2 volumes of a (1:1) mixture of 6 M 
H3PO4 and n-butyl acetate (0-20%) dropwise with constant stirring using a 
magnetic stirrer, at a temperature of 60±5°C. The resulting slurry, obtained 
under these conditions was stirred for SYi hr. at this temperature, then filtered 
and washed with DMW till pH~4. Finally, the slurry was dried at room 
temperature, resulting in a sheet, which was cut into small pieces and converted 
into H"*"- form by treating with 1 M HNO3 for 24 hr. with occasional shaking. 
The material thus obtained, was then washed with demineralised water to 
remove the excess of acid, and after drying sieved to obtain particles of size SO-
TO mesh. 
Sn(IV) phosphate was prepared by the methods reported earlier • 0-11 
On the basis of the highest Na ion exchange capacity, sample no (6) 
was selected for further studies. Table 2.1 shows the ion exchange capacity of 
various samples of nBACP. 
Table 2.1 Synthesis of various samples of n-butyl acetate based Ce (IV) 
phosphate 
Sample No. % of n-butyl acetate Na^-ion exchange capacity 
(meq/dry g) 
nBACP-1 0 1.30 
nBACP-2 1 1.45 
nBACP-3 3 1.74 
nBACP-4 5 1.80 
nBACP-5 7 1.90 
nBACP-6 8 2.25 
nBACP-7 8.5 2.15 
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nBACP-8 9 2.00 
nBACP-9 10 1.60 
nBACP-10 12 1.50 
nBACP-11 14 1.43 
nBACP-12 15 1.25 
nBACP-13 20 1.00 
2.5 Ion-exchange capacity (i.e.c.): The ion exchange capacity of the sample 
was determined as usual by the column process taking 1 g of the material ( H -
form) in a glass tube of internal diameter ~ 1 cm, fitted with glass wool at its 
bottom. 250 mL of 1 M NaNOs solution was used as eluant, maintaining a very 
slow flow rate (-0.5 mL min''). The effluent was titrated against a standard 
alkali solution to determine the total H^- ions released Table 2.2 summarizes 
the ion exchange capacity of the material for various metal ions. 
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Table 2.2 Ion exchange capacity of nBACP-6 for various metal ions 
Metal ion solution (1 M) Ion-exchange capacity (meq/dry g) 
LiCl 2.05 
NaNOs 2.25 
KCl 2.45 
MgCb 3.00 
Ca(N03)2 2.59 
SrCl2 3.15 
BaCl2 2.75 
The ion exchange capacity of Sn(IV) phosphate was also determined b\ 
the column process and, it was found to be 1.5 meq/dry g. 
2.6 Concentration behaviour: To study the effect of eluant concentration on 
the elution efficiency of the exchanger column, the NaNOs solution of varying 
concentrations (0.2 M - 1.2 M) were passed through the column containing 1 g 
of the exchanger. The effluent was titrated against a standard alkali solution for 
the H" ions eluted out in each case. The optimum concentration of the eluant 
for a complete elution of H^ ions in 250 ml of NaN03 solution was found to be 
1 M. Fig. 2.1 shows the variation of the H^ ions eluted out with the different 
concentrations of the eluant. 
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Fig.2.2 Histograms showing the elution behaviour of n-butyl acetate 
based Ce(IV) phosphate 
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2.7 Elution Behavour: The column containing 1 g exchanger was eluted with 
1 M NaNO^ solution in different 10 mL fractions with a minimum flow rate. 
This experiment was conducted to find out the minimum volume necessary for 
a complete elution of H" ions, which reflects the efficiency of the column as 
shown in Fig. 2.2. 
2.8 Thermal studies: Different 1 g samples of the material were heated at 
various temperatures for 1 hr each in a muffle ftimace and their ion exchange 
capacity was determined by the column process after cooling to room 
temperature. The results are summarized in Table 2.3. 
Table 2.3 Thermal stability of n-butyl acetate based Ce(IV) phosphate after 
heating to various temperatures for 1 hour 
Drying 
temperature (°C) 
Na^-ion exchange 
capacity (meq/dry 
g) 
Change in colour % retention of 
i.e.c. 
45 2.25 Yellow 100 
100 2.10 Light yellow 93.3 
200 1.75 Light yellow 77.8 
300 1.50 Creamy yellow 66.7 
400 0.85 Creamy yellow 38.0 
600 0.31 Off white 14.0 
800 0 White 0 
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2.9 Elemental Analysis: The C&H analysis was carried out by Heraeus Carlo 
Erba 1108. 
2.10 IR studies: The IR spectrum was taken by KBr disc method and is given 
in Fig. 2.3. 
2.11 X-ray studies: Fig. 2.4 shows the X-ray diffraction pattern of the 
material. 
2.12 Scanning electron micrograph studies: Fig. 2.5 shows the electron 
micrograph of the material. 
2.13 Thermogravmetric analysis and difTerential thermal analysis: Fig. 2.6 
shows the TGA/DTA curves of the material. 
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3, RESULTS AND DISCUSSION 
n-butyl acetate based Cerium (IV) phosphate (nBACP), a new hybria 
fibrous ion exchanger has been synthesized, possessing a good Na-ion 
exchange capacity (2.25 meq/dry g) which is higher than the ion exchange 
capacity of inorganic ion exchangers, prepared earier. " Further, the material 
is obtained in the sheet form which is clear from the SEM studies of the 
material showing the fibrous nature of the material. 
The thermal stability of the material appears to be less than the normal 
inorganic ion exchangers, which may be due to the presence of the organic part 
in its structure. It retains 38% of its ion exchange capacity on heating upto 
400°C. However, on comparing with other fibrous ion exchangers, prepared 
earlier such as acrylonitrile Ce (IV) phosphate, polyacrylonitrile Th (IV) 
phosphate and acrylamide Ce (IV) phosphate n-butyl acetate based Ce (IV) 
phosphate is found thermally more stable. 
The concentration behaviour (Fig. 2.1) indicates that 250 mL of a IM 
solution of the eluant (NaNOs) can completely elute the H" ions from a 1 g 
exchanger column. Further, the elution behaviour shows that the exchange is 
quite fast and almost all the H" ions are eluted out in the first 190 mL of the 
effluent from a column of 1 g exchanger (Fig. 2.2). 
The TGA/DTA curves (Fig. 2.6) show the 7.5% loss of weight upto 
127°C, which may be due to the removal of external water molecules. Beyond 
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127°C. the condensation of the material must have started, resulting in the 
dehydration due to the removal of the strongly coordinated water molecules 
from the framework of exchangers, which continues upto 400°C where the 
weight becomes almost constant. It also involves the production of Ce02 at 
450°C.'^ 
On the basis of its elemental analysis, the material contains 0.49% 
carbon and 1.62% hydrogen. 
The IR studies'^ confirm the presence of metal oxygen and metal 
hydroxide bonds in addition to the external water molecules in the material. 
The metal-oxygen and metal-hydroxide bands are observed at 669.1 cm" while 
bands at 1630.9 cm'' and 3430 cm' are due to the external water molecules. 
The bands beyond 3430cm"' are due to the free -OH groups of the external 
water molecules (or, the alcohol formed by the n-butyl acetate). The bands at 
536.2 cm'' and 1063.3 cm"' indicate the presence of phosphate groups. While 
the bands'^ at 1723.4 and 1529 cm'' represent the C=0 and C-O stretchings. 
The C-C stretching and COO" group are represented by the bands at 771.6 and 
1352.9 cm"' respectively. 
The X-ray diffraction pattern of the material exhibits weak peaks 
indicating its poorly crystalline or amorphous nature. 
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Chapter - 3 
Adsorption behaviour of n-butyl acetate 
based Ce(IV) phosphate & Sn(IV) phosphate 
for some alkah'ne earths St heavy metal 
ions: Effect of surfactants 
1. INTRODUCTION 
Inorganic ion exchangers have been of great interest in the selective 
adsorption and removal of metal ions from aqueous systems. A large number of 
such materials have been studied during the last few decades. They are 
generally the polybasic acid salts of multivalent metals, such as Ce(IV), 
Th(IV), Zr(IV), Ti(IV) and Sn(IV), phosphates, tungstates, arsenates, and 
silicates. Some of these materials have shown fibrous behaviour which has 
opened a new area of research by forming their different textile goods. Ce(IV) 
phosphate has been found earlier'"^ to be a quite successful as fibrous ion 
exchanger while Sn(IV) phosphate^"^ has been found useful as a non-fibrous 
ion exchanger. 
Surfactants are the substances which are surface active and can play a 
lead role in modifying the adsorption behaviour of the ion exchange materials. 
They have been studied for such applications and found effectively useful. The 
present study is undertaken to explore the potential of surfactants in modifying 
the adsorption properties of inorganic fibrous and non-fibrous ion exchange 
materials. Following pages summarize the results of such a study on both types 
of the ion exchangers namely fibrous and non-fibrous. Ce (IV) phosphate and 
Sn(lV) phosphate have been selected as the representative materials of these 
two categories respectively. 
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2 EXPERIMENTAL 
2.1 Surfactants used: Triton X-100 (C34H62O11) and dodecyl benzne sulphonic 
acid sodium salt (Ci8H29S03Na) were obtained from Himedia (India) while N-
cetyl-N,N,N-trimethyl ammonium bromide (Ci9H42NBr), sodium dodecyl 
sulphate (Ci2H25S04Na) and N-dodecyl pyridinium chloride (C17H30CIN) were 
obtained from CDH (India), BDH (India) and Merck-schuchardt (Germany) 
respectively. 
2.2 Preparation of the surfactant solutions: Solutions of the surfactants were 
prepared in demineralised water taking concentrations of all, below CMC, at 
CMC and above CMC values. Table 3.1 shows the chemical formulae and 
CMC values of the surfactants, used. 
Table 3.1 Chemical formulae and CMC values of the used surfactants 
Surfactants Chemical formula/structure CMC values 
(m/lit) 
Anionic 
Sodium dodecyl sulphate (SDS) [CH3(CH2)„OSO-3Na"] 8.1x10' 
Sodium dodecyl benzene sulphonate [CH3(CH2)nC6H4SO-3Na1 1.2x10" 
(SDBS) 
Cationic 
N-cetyl-N,N,N-trimethyI [CH3(CH2),5] (CH3)3N"Br- 9x10^ 
ammonium bromide (CTAB) 
N-dodecyl pyridinium chloride (DPC) [CH3(CH2)„]N"C5H5Cr 
1.5x10' 
Nonionic 
Triton X-100 (TX-100) (CH3)2CH(CH2)5-C6H40(CH2CH20),oH 2.8x10"^ 
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2,3 Adsorption Studies 
200 mg of the exchangers (nBACP and SnP) in the fr-form were added 
to a mixture containing 18 mL of the acid solution and 2 mL of the metal ion 
solution. The mixture was kept for 24 hours, shaking intermittently, to achieve 
equilibrium. The metal ions in the solution before and after equilibrium were 
determined by the EDTA titrations and the distribution coefficients (Kd) were 
calculated by the formula: 
F M 
where I and F are the initial and final amounts of the metal ions in the solution 
phase, V the volume (mL) of the solution, and M the amount (g) of the 
exchanger. 
The above experiment was repeated by taking surfactant solution instead 
of the acid solution in the same amount (18 mL). 
The distribution coefficients (Kd) obtained for the metal ions studies in 
different media are summarized in Table 3.2 to 3.13. Figures 3.1 to 3.16 show 
the concentration dependence of Kd-values in these media for both nBACP & 
SnP ion exchangers. 
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Table 3.3 Kd-values of metal ions on nBACP in sodium dodecyl sulphate 
(SDS) solutions 
Metal ions SDS 
O.OOIM 0.005 M O.OIM 0.05M O.IM 
Mg(II) 557.14 557.14 557.14 557.14 557.14 
Ca(II) 557.14 557.14 557.14 557.14 557.14 
Sr(II) 800.00 800.00 800.00 800.00 800.00 
Ba(II) 975.00 975.00 975.00 975.00 975.00 
Mn(II) 1050.0 1050.0 1433.3 557.14 360.00 
Fe(III) 110.00 180.00 366.67 68.000 0 
Co(II) 500.00 950.00 1300.0 950.00 740.00 
Ni(II) 150.00 177.78 233.33 163.16 117.39 
Cu(II) 400.00 400.00 455.56 354.54 284.62 
Cd(II) 683.33 1075.0 1466.7 1075.0 1075.0 
Hg(II) 1400.0 800.00 350.00 1025.0 650.00 
Pb(II) 1400.0 1400.0 2150.0 1400.0 1400.0 
Table 3.4 Kd-values of metal ions on nBACP in sodium dodecyl benzene 
sulphonate (SDBS) solutions 
Metal ions SDBS 
O.OOOIM 0.0005 M O.OOIM 0.005M O.OIM 
Mg(II) 557.14 557.14 557.14 557.14 557.14 
Ca(II) 820.00 820.00 820.00 820.00 820.00 
Sr(II) 800.00 800.00 800.00 800.00 800.00 
Ba(II) 760.00 760.00 760.00 760.00 760.00 
Mn(II) 1433.3 1433.3 1433.3 1433.3 1433.3 
Fe(III) 223.08 320.00 366.67 180.00 44.830 
Co(II) 740.00 950.00 1300.0 740.00 500.00 
Ni(II) 66.670 177.78 400.00 316.67 233.33 
Cu(ll) 733.33 733.33 900.00 400.00 316.67 
Cd(II) 1075.0 1466.6 2250.0 1466.6 1466.6 
Hg(II) 2150.0 2150.0 2150.0 800.00 275.00 
Pb(II) 800.00 1025.0 2150.0 1400.0 1400.0 
Table 3.5 Kd-values of metal ions on nBACP in cetyl trimethyl ammonium 
bromide (CTAB) solutions 
Metal ions CTAB 
0.0005M 0.001 M 0.005M O.OIM 
Mg(II) 820.00 557.14 820.00 1050.00 
Ca(II) 1050.0 666.67 820.00 1050.0 
Sr(II) 650.00 542.86 650.00 800.00 
Ba(II) 760.00 616.67 975.00 975.00 
Mn(II) 666.67 475.00 820.00 820.00 
Fe(III) 320.00 23.530 121.050 180.00 
Co(II) 425.00 366.67 425.00 425.00 
Ni(II) 525.00 354.54 400.00 455.56 
Cu(II) 1150.0 614.28 900.00 1150.0 
Cd(II) 1075.0 571.42 683.33 840.00 
Hg(ll) 1400.0 800.00 1025.0 1025.0 
Pb(Il) 2150.0 1400.0 1400.0 1400.0 
Table 3.6 Kd-values of metal ions on nBACP in 1-dodecyl pyridinium 
chloride (DPC) solutions 
Metal ions DPC 
O.OOIM 0.005 M O.OIM 0.05M O.IM 
Mg(II) 666.67 557.14 475 557.14 557.14 
Ca(II) 820.00 666.67 557.14 666.67 666.67 
Sr(II) 800.00 800.00 650.00 1025.0 1025.0 
Ba(II) 514.29 437.50 377.78 377.78 437.50 
Mn(II) 557.14 557.14 411.10 475.00 475.00 
Fe(III) 250.00 180.00 20.000 133.33 133.33 
Co(II) 320.00 320.00 281.81 320.00 320.00 
Ni(II) 614.29 525.00 455.56 525.00 525.00 
Cu(II) 733.33 733.33 614.29 . 733.33 733.33 
Cd(II) 1075.0 840.00 683.33 840.00 840.00 
Hg(II) 2150.0 1400.0 1025.0 1400.0 1400.0 
Pb(II) 2150.0 1400.0 800.00 1025.0 1025.0 
Table 3.7 Kd-values of metal ions on nBACP in Triton X-100 (TX-lOO) 
solutions 
Metal ions TX-lOO 
O.OOOOIM 0.00005 M O.OOOIM 0.0005M O.OOIM 
Mg(II) 1050.0 1050.0 1050.0 1050.0 TA 
Ca(II) 1433.33 1433.33 1433.33 2200.0 TA 
Sr(II) 1025.0 1025.0 1025.0 2150.0 TA 
Ba(II) 760.00 975.00 975.00 1333.33 4200.0 
Mn(II) 1433.3 1433.3 1433.3 1433.3 1433.3 
Fe(III) 2000.0 2000.0 2000.0 TA TA 
Co(II) 950.00 950.00 950.00 1300.0 2000.0 
Ni(II) 900.00 900.00 1150.0 2400.0 2400.0 
Cu(II) 1566.6 1566.6 1566.6 2400.0 4900.0 
Cd(II) 683.33 683.33 1075.0 1466.6 1466.6 
Hg(II) 4400.0 4400.0 4400.0 4400.0 TA 
Pb(II) 2150.0 2150.0 2150.0 TA TA 
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Table 3.9 Kd-values of metal ions on SnP in sodium dodecyl sulphate 
(SDS) solutions 
Metal ions SDS 
0.00 IM 0.005 M O.OIM 0.05M O.IM 
Mg(II) 320.0 320.0 320.0 320.0 320.0 
Ca(II) 310.0 310.0 310.0 310.0 310.0 
Sr(II) 760.0 760.0 760.0 760.0 760.0 
Ba(II) 900.0 900.0 900.0 900.0 900.0 
Mn(II) 840.0 683.3 487.5 571.4 1075 
Fe(III) 457.1 387.5 333.3 457.1 457.1 
Co(II) 2050 2050 1333 2050 4200 
Ni(II) 355.6 355.6 310 355.6 412.5 
Cu(II) 820.0 820.0 666.7 820.0 1050 
Cd(II) 640.0 428.6 270.0 362.5 428.6 
Hg(II) 950.0 2000 2000 2000 2000 
Pb(ll) 800.0 650.0 462.5 542.9 650.0 
Table 3.10 Kd-values of metal ions on SnP in sodium dodecyl benzene 
sulphonate (SDBS) solutions 
Metal ions SDBS 
O.OOOIM 0.0005 M O.OOIM 0.005M O.OIM 
Mg(II) 366.7 366.7 366.7 366.7 366.7 
Ca(II) 412.5 412.5 412.5 412.5 412.5 
Sr(II) 616.7 616.7 616.7 616.7 616.7 
Ba(II) 700.0 700.0 700.0 700.0 700.0 
Mn(II) 571.4 422.2 327.3 487.5 487.5 
Fe(III) 550.0 457.1 333.3 457.1 457.1 
Co(II) 1333 975.0 760.0 975.0 975.0 
Ni(II) 925.0 720.0 583.3 720.0 720.0 
Cu(II) 820.0 666.7 475.0 666.7 666.7 
Cd(II) 825.0 428.6 362.5 428.6 428.6 
Hg(II) 950.0 740.0 600.0 740.0 740.0 
Pb(II) 1400 800.0 542.9 650.0 800.0 
Table 3.11 Kd-values of metal ions on SnP in cetyl trimethyl 
ammonibromide (CTAB) solutions 
Metal ions CTAB 
0.0005M 0.001 M 0.005M O.OIM 
Mg(II) 500.0 600.0 600.0 600.0 
Ca(II) 720.0 925.0 925.0 925.0 
Sr(II) 760.0 760.0 975.0 975.0 
Ba(II) 700.0 900.0 900.0 900.0 
Mn(II) 571.4 683.3 840.0 840.0 
Fe(III) 333.3 387.5 457.1 457.1 
Co(n) 514.3 616.7 760.0 760.0 
Ni(II) 310.0 485.7 583.3 583.3 
Cu(II) 557.1 666.7 8^0.0 820.0 
Cd(II) 362.5 428.6 825.0 825.0 
Hg(II) 740.0 1300 2000 200O 
Pb(II) 542.9 1025 1400 1400 
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Table 3.12 Kd-values of metal ions on SnP in 1-dodecyl pyridinium 
chloride (DPC) solutions 
Metal ions DPC 
O.OOIM 0.005 M O.OIM 0.05M O.IM 
Mg(II) 500.0 740.0 950.0 950.0 950.0 
Ca(II) 583.3 720.0 720.0 720.0 720.0 
Sr(II) 760.0 975.0 975.0 975.0 975.0 
Ba(II) 700.0 900.0 900.0 900.0 900.0 
Mn(II) 422.2 487.5 571.4 683.3 683.3 
Fe(III) 387.5 457.1 457.1 550.0 550.0 
Co(II) 514.3 616.7 760.0 975.0 975.0 
Ni(II) 173.3 241.7 310.0 412.5 412.5 
Cu(II) 557.1 666.7 820.0 1050 1050 
Cd(II) 516.7 640.0 640.0 825.0 825.0 
Hg(II) 740.0 950.0 2000 4100 TA 
Pb(II) 542.9 800.0 1025 1400 1400 
Table 3.13 Kd-values of metal ions on SnP in Triton X-100 (TX-lOO) solutions 
Metal ions TX-lOO 
O.OOOOIM 0.00005 M O.OOOIM 0.0005M 0.001 M 
Mg(II) 366.7 500.0 600.0 950.0 1300 
Ca(Il) 310.0 583.3 720.0 925.0 1950 
Sr(II) 290.9 377.8 616.7 760.0 975.0 
Ba(ll) 263.6 400.0 700.0 900.0 1233 
Mn(II) 422.2 571.4 1075 1466 2250 
Fe(III) 550.0 680.0 875.0 3800 TA 
Co(II) 514.3 760.0 1333 4200 TA 
Ni(ll) 215.4 272.7 412.5 583.3 1950 
Cu(II) 820.0 1050 1433 4500 TA 
Cd(II) 428.6 680.0 825.0 1750 TA 
Hg(II) 740.0 950.0 4100 TA TA 
Pb(II) 800.0 1400 2150 TA TA 
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Fig.3.2 Kd-values vs. acid concentrations plots for heavy 
metals on nBACP. 
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Fig. 3.10 Kd-values vs. acid concentrations plots for 
heavy metals on SnP. 
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3. RESULTS AND DISCUSSION 
Some very interesting observations are made on the basis of the results 
obtained in these studies. The most salient features are as follows for the 
nBACP and SnP exchangers respectively: 
(1) For nBACP 
i) The Kd-values of different metal ions in different acid media (HCl. 
HNO3 & HCIO4) (given in Fig. 3.1 to 3.3), decrease as the 
concentration of the acids increases. It is a usual behaviour of an\ 
ion exchanger. 
ii) In anionic surfactants (SDS, SDBS) (given in Fig. 3.4 & 3.5), the 
Kd-values of alkaline earths remain constant throughout the 
surfactant concentrations used in these studies and the Kd-values of 
heavy metal ions increase upto the CMC value of the surfactants and 
then decrease, except Hg (II) in SDS solutions and Mn (II) in SDBS 
solutions. The Kd-values of alkaline earths are found to be higher, in 
general, as compared to the ones in different acids. The Kd-values of 
heavy metals increase to a greater extent in these media than in 
different acid media. However, Fe(III), Ni(II) and Cu(II) are the 
exceptions. The higher adsorption of Hg(II), Pb(II), Cd(Il) and 
Mn(II) may be due to the complex formation of these metals with the 
hydrophobic part of these surfactants. 
Kiw 
iii) In case of cationic surfactants (CTAB, DPC) (given in Fig. 3.6 & 
3.7), the Kd-values of the metal ions decrease upto the CMC value, 
then increase and become almost constant. The Kd-values of alkaline 
earths are appreciably high at below and above the CMC values of 
the surfactants. They increase to a smaller extent as compared to the 
different acid media. The Kd-values of heavy metal ions are also 
found to be of the same order. However, they increase to a greater 
extent as compared to the acid media. 
iv) In the nonionic surfactant (TX-lOO) (given in Fig. 3.8), the Kd-
values remain constant upto the CMC value except Ba(II), Ni(II) and 
Cd(II) and then increase. Total adsorption is observed for most of the 
metal ions above the CMC value of the TX-100. In case of Ba(II). 
Ni(II) and Cd(II), the Kd-values slightly increase at the CMC value. 
On comparing with the acid media it is found that the adsorption of 
the both alkaline earths and heavy metals is higher in TX-100 than in 
acids. Further, the Kd-values increase to a greater extent than in the 
acid media. Fe (III) however, shows an exception. It is poorly 
adsorbed in different acid media as well as in anionic and cationic 
surfactants. But, in TX-100 it is totally adsorbed above its CMC 
value. 
(2) For SnP 
In case of SnP also, which is a non-fibrous ion exchanger, the adsorption 
behaviour for all the metal ions are found to be almost similar with the 
following exceptions. 
(i) In anionic surfactants (given in Fig. 312 & 3.13), the Kd-values of 
heavy metals decrease upto the CMC value and then increase except 
Hg(II) in SDS solution. 
(ii) In cationic surfactants (given in Fig.3.14 & 3.15), the Kd-values of 
alkaline earths increase upto the CMC value of the surfactants and 
then become constant. For heavy metals, the Kd-values increase upto 
a concentration slightly above the CMC value and then become 
constant. 
(iii) In the nonionic surfactant (TX-lOO) (given in Fig. 3.16), the overall 
trend has been an increase in Kd-values with the increase in the 
concentration of TX-IOO with some exception. For example, 
amongst the alkaline earth Ca(II) is found to be adsorbed to an extra 
ordinary high extent at the TX-lOO concentration of 0.001 M. 
Similarly, the heavy metal ions, except Mn(II) and Ni(II), show a 
total adsorption above the CMC value. It may be due to the 
positively charged complexes formed between TX-IOO and heavy 
metal ions above the CMC values, which may be completely 
adsorbed on a cation exchanger. 
The orders of adsorption of alkaline earths and heavy metal ions in 
different acid and surfactant media are summarized in Table 3.14-3.17. As it is 
clear from these results and the results discussed above, there is no definite 
order of preferential adsorption of the metal ions. There may be so man\ 
reasons for this uneven trend, the most important being the amorphous nature 
of the ion exchange materials, synthesized in there studies, and the complex 
nature of the ion exchanger matrix. The exchanger consists of the inorganic 
salts such as Ce(IV) phosphate and Sn (IV) phosphate and the organic 
polymeric part which may be behaving differently with the metal ions in 
different media. The different adsorption capability of the surfactants with the 
metal ions may be another reason of this irregular behaviour. Thus, the various 
factors which may be affecting the ion exchange processes taking place, in the 
presently studied materials may be the following: 
1. Ion exchange characteristics of the inorganic part of the material. 
2. Ion exchange characteristics of the surfactants which are 
governed by its complex forming or the metal counter ion 
binding ability. 
3. The polymeric nature of the organic phase of the exchanger. 
4. The ionic and hydrated radii of the exchanging ions. 
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5. pH of the media. 
All these factors are to be studied in detail before a definite conclusion 
may be drawn regarding the effect of surfactants on the adsorption behaviour of 
the hybrid type of the ion exchangers. 
Table 3.14 Order of adsorption of alkaline earths on nBACP and SnP in 
different acid concentrations 
^^^v,^^ Exchanger 
Acid concentration^^,...,^ 
Decreasing order of the Kd-values 
nBACP SnP 
0.01 MHCl Mg>Ca>Ba>Sr Ba>Sr>Ca>Mg 
1 MHCl Mg>Ca>Ba>Sr Ba>Sr>Ca>Mg 
O.OIMHNO3 Mg>Sr>Ba>Cr Sr>Ba>Mg>Ca 
IMHNO3 Mg>Ba>Ca>Sr Sr>Ba>Mg>Ca 
O.OIMHCIO4 Mg>Sr>Ca>Ba Ba>Mg>Sr>Ca 
1 M HCIO4 Mg>Ba>Ca>Sr Ba>Mg>Sr>Ca 
Table 3.15 Order of adsorption of heavy metals on nBACP and SnP in 
different acid concentrations 
^ \ ^ ^ Exchanger 
Acid concentratioh\^ 
Decreasing order of the Kd-values 
nBACP SnP 
0.01 MHCl Ni>Hg>Co>Cu>Cd>Mn>Fe>Pb Cu>Hg>Co>Cd>Pb>Fe>Mn>N i 
1 MHCl Hg>Cu>Cd>Co>Pb>Ni>Mn>Fe Hg>Cu>Co>Cd>Pb>Fe>Mn>N i 
0.01 M HNO3 Cd>Hg>Cu>Mn>Fe>Pb>Co>Ni Co>Hg>Pb>Cu>Cd>Fe>Mn>N i 
1 MHNO3 Cd>Hg>Cu>Fe>Co>Mn>Ni>Pb Hg>Cu>Pb>Co>Cd>Fe>Mn>N i 
0.01 M HCIO4 Hg>Fe>Cd>Cu>Pb>Mn>Co>Ni Hg>Pb>Cu>Co>Mn>Fe>Cd>N i 
1 M HCIO4 Hg>Cu>Fe>Cd>Mn>Ni>Pb>Co Hg>Pb>Cu>Mn>Co>Cd>Fe>N i 
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Table 3.16: Order of adsorption of alkaline earths on nBACP and SnP in 
different surfactants concentrations 
"^""^ -^ ^^ ^ Exchanger 
Acid concentration ^~" -^v^^ 
Decreasing order of the Kd-vaiues 
1 
nBACP i SnP 
0.001 M SDS Ba>Sr>Mg = Ca Ba>Sr>Mg>Ca 
0.1 MSDS Ba>Sr>Mg = Ca Ba>Sr>Mg>Ca 
0.0001 SDBS Ca>Sr>Ba>Mg Ba>Sr>Ca>Mg 
0.01 MSDBS 
i 
i 
Ca>Sr>Ba>Mg j Ba>Sr>Ca>Mg 
0.0005 M CTAB Ca>Mg>Ba>Sr | Sr>Ca>Ba>Mg 
i 
0.01 MCTAB Mg = Ca>Ba>Sr Sr>Ca>Ba>Mg 
0.001 M DPC Ca>Sr>Mg>Ba Sr>Ba>Ca>Mg 
0.1 MDPC Sr>Ca>Mg>Ba i Sr>Mg>Ba>Ca 
1 
0.00001 MTX-100 Ca>Mg>Sr>Ba 1 Mg>Ca>Sr>Ba 
0.001 MTX-100 
i 
Mg = Ca = Sr > Ba Ca>Mg>Ba>Sr 
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Table 3.17: Order of adsorption of heavy metals on nBACP and SnP in 
different surfactants concentrations 
^ ^ Exchanger 
Acid concentration^,^ 
Decreasing order of the Kd-values 
nBACP SnP 
0.001 M SDS Hg=Pb>Mn>Cd>Co>Cu>Ni>Fe Co>Hg>Mn>Cu>Pb>Cd>Fe>Ni 
O.IMSDS Pb>Cd>Co>Hg>Mn>Cu>Ni>Fe Co>Hg>Mn>Cu>Pb>Fe>Cd>Ni 
0.0001 SDBS Hg>Mn>Cd>Pb>Co>Cu>Fe>Ni Pb>Co>Hg>Ni>Cd>Cu>Mn>Fe 
0.01 MSDBS Cd>Pb>Co>Cu>Hg>Ni>Fe>Mn Co>Pb>Hg>Ni>Cu>Mn>Fe>Cd 
0.0005 M CTAB Pb>Hg>Cu>Cd>Mn>Ni>Co>Fe Hg>Mn>Cu>Pb>Co>Cd>Fe>N i 
0.01 MCTAB Pb>Cu>Hg>Cd>Mn>Ni>Co>Fe Hg>Pb>Mn>Cd>Cu>Co>Ni>Fe 
0.001 M DPC Hg=Pb>Cd>Cu>Ni>Mn>Co>Fe Hg>Cu>Pb>Cd>Co>Mn>Fe>Ni 
0.1 MDPC Hg>Pb>Cd>Cu>Ni>Mn>Co>Fe 
1 
Hg>Pb>Cu>Co>Cd>Mn>Fe>Ni t 
1 
0.00001 MTX-100 Hg>Pb>Fe>Cu>Mn>Co>Ni>Cd Cu>Pb>Hg>Fe>Co>Cd>Mn>Ni i 
0.001 MTX-100 Fe=Hg=Pb>Cu>Ni>Co>Cd>Mn 
i 
Fe=Co=Cu=Cd=Hg=Pb>Mn>Ni | 
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The adsorption mechanism of the metal ions on an ion exchange 
material in presence of surfactants can be explained on the basis of micellar 
association in terms of the electrostatic model, i.e., Gouy-Chapman electrical 
double layer approaximation^' , or in terms of the counter ion binding 
approximation." In electrostatic model, two reactions depicting the metal 
complex formation have been studied; one taking place entirely at the micellar 
surface and the other in the bulk phase between the micelles. The 
micellar/solvent interface consists of Stem layer containing the ionic surfactant 
heads and a certain amount of adsorbed counter ions which lower the apparent 
charge density of the micelle and of a diffiised layer. Therefore, the spatial 
distribution of the counter ions in the neighbourhood of charged micelles is 
influenced by the charge density of the polyions , size of the ions, their 
hydration and the variation of dielectric constant. Further, the binding of 
hydrophilic ions is controlled by electrostatic interactions.' Ions having a 
charge, opposite, to the surfactant head groups (counter ions) are attracted to 
the micelle surface while reverse is true for the co-ions. Binding of amphiphilic 
ions is governed by hydrophobic and electrostatic effects; additive for counter 
ions, but opposed for co-ions. 
The increase of the Kd-values of heavy metal ions upto the CMC value 
and then decrease on nBACP, in presence of anonic surfactants (SDS & SDBS) 
may be due to the increasing charge density of the surfactant monomers upto 
the CMC value. After CMC, the micelles start forming lowering the apparent 
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charge density thus resulting the decreased Kd-values (Except Hg). The density 
of adsorbed counter ions remains smaller than the density of polar heads and 
each adsorbed ion stands close to a polar head; in order to cancel its charge. 
But, in all the considered metals, Hg(II) has the highest density (as given is 
Table 3.18). Therefore, it gives a exceptional order of Kd-values. The constant 
Kd-values of alkaline earths can be explained by an ion exchange model which 
assumes that the micelles surface binds counter ions selectively^*'^ ^ or, these 
alkaline earths have the ionic radius about equal to the Na^ ions (given in 
Table 3.18) so, are not associated in micelles. 
The Kd-values of metal ions with nBACP in presence of catinic 
surfactants (CTAB, DPC) decrease upto the CMC value then increase. This 
may be due to the fact that the metals are not associated with surfactant 
monomers due to the presence of co-ions but beyond the CMC value, in 
micelles some oppositively charged counterions attract the metal ions present 
in diffused as well as in Stem layer, as a result of which Kd-values increase. 
Additionally, for nonionic surfactants'^ metal ions can occur in the 
polyoxyethylene shell of the surfactant. As a result the adsorption of metal ions 
on SnP and nBACP increase and reach to the maximum. Here most of metal 
ions get total adsorption. 
Micelles are not rigid but highly mobile in spite of their aggregated 
structure. They exist in a dynamic equilibrium with the free monomers. The 
lifetime of a monomer in the micelle is about 10'^  sec.'*. The intramolecular 
motions of monomers within the micelle can be assumed to be rather 
unrestricted with an enhanced mobility of the terminal alkyl group 
predominantly oriented with in the micellar core and of the ionic head groups 
situated at the surface of the micelle.'^ Correlation limits of these motions are 
considerably shorter than residence times of individual monomers in the 
micelle. Thus, for a process, where a characteristic time range slower than that 
of the ionic head group mobility, the micelles appear to be a sphere uniform 
smeared-out surface charge. As a result, a constant surface potential can be 
assigned to the micellar surface. Such condition arises in the case of adsorption 
of heavy metals on Sn(IV) phosphate in presence of surfactants. With anionic 
surfactants, the Kd-values of metal ions decrease till CMC then increase while 
the Kd-values should increase till CMC then decrease according to charge 
density of the polyions. And in presence of cationic surfactants, the adsorption 
of metal ions on Sn(IV) phosphate increases and above CMC becomes 
constant. 
Finally, from the results, gi\'en before, we may conclude that the 
surfactants increase the adsorption of metal ions to a greater extent on Sn (IV) 
phosphate, a non fibrous material as compared to the n-butyl acetate Ce(IV) 
phosphate, a fibrous material. 
Table. 3.18 The Ionic radius and density of metal ions 20 
Metal ions Ionic radius (A) Density (g cm"^ ) 
1.02 0.97 
0.72 1.74 
1.0 1.55 
1.18 2.63 
1.35 3.62 
0.67 7.43 
0.64 7.87 
0.74 8.9 
0.69 8.91 
0.73 8.95 
0.95 8.65 
1.02 13.534 
1.20 11.40 
Na"" 
Ca^ 
Ba^ 
Mn^ 
F e ^ 
Co^ 
Ni^ 
IT ++ 
Hg 
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